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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a reliable nitride semiconductor 
light-emitting element which can operate at iow voltage, while decreasing 
contact resistance by a p-type or n-type GaNI-xAsz layer (0<x<0.2) or 
InGaNl-xAsx layer (0<x<0.2) at a part which touches a metal electrode. 
SOLUTION: A p-type or n-type GaNI-xAsx layer (0<x<0.2) or InGaNI- 
xAsx layer (0<x<0.2) is employed as a semiconductor layer 1 12 at a part, 
touching a metal electrode. The contact layer 112 comprises a high quality 
p-type GaNI-xAsx crystal, having a band gap which is one half that of 
GaN and a thickness equal to or shorter than a critical film thickness. 
Consequently, the width and the height of Schottky barrier at the hole in 
the interface of the metal electrode and the semiconductor contact layer 
can be halved. This structure significantly decreases the contact 
resistance of a nitride semiconductor light-emitting element and provides 
a working voltage close to that of an LD element formed on an ordinary 
GaAs substrate. Since heating is suppressed during operation, the 
threshold value, temperature characteristic and reliability of a nitride 
semiconductor laser are enhanced. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semi-conductor layer of the part which touches a metal electrode in the light emitting device using the 
nitride semi-conductor of a GaN system is GaN1-X AsX of p mold or n mold. A layer (0<X<0.2) or InGaNl-X AsX Nitride 
semi-conductor light emitting device characterized by being a layer (0<X<0.2). 

[Claim 2] Two or more GaN1-X AsX from which the As presentation X differs [ said semi-conductor layer ] A layer 
(0<X<0.2) or InGaNI-X AsX Nitride semi-conductor light emitting device according to claim 1 characterized by combining 
and constituting the layer (0<X<0.2) so that it may become large as the As presentation X approaches an electrode. 
[Claim 3] Said semi-conductor layer is GaN1-Y PY of p mold or n mold. A layer (0<Y<0.2) or InGaNl-Y PY Nitride semi- 
conductor light emitting device characterized by being a layer (0<Y<0.2). 

[Claim 4] Two or more GaNl-Y PY layers {0<Y<0.2) or InGaNI-Y PY from which the P presentation Y differs [ said semi- 
conductor layer] Nitride semi-conductor light emitting device according to claim 3 characterized by combining and 
constituting the layer (0<Y<0.2) so that it may become large as the P presentation Y approaches an electrode. 
[Claim 5] The nitride semi-conductor light emitting device of claim 1-4 to which thickness of said semi-conductor layer is 
characterized by being lOOnm or less by Inm or more given in any 1 term. 

[Claim 6] The nitride semi-conductor light emitting device of claim 1-5 further characterized by acUoining each layer and 
coming to form an intermetallic-compound epitaxial layer between said metal electrodes and said semi-conductor layers 
given in any 1 term. 

[Claim 7] The nitride semi-conductor light emitting device according to claim 6 to which it is characterized by said 
intermetallic-compound epitaxial layer being nickelO.5 InO.5 or nickeIO.5 0.5 (In1-W TIW) (0<W<1). 
[Claim 8] The nitride semi-conductor light emitting device according to claim 6 or 7 to which thickness of said semi- 
conductor layer is characterized by being 200nm or less by 2nm or more. 

[Claim 9] said semi-conductor layer — one layer (0<X1<0.2) of GaNI-XIAsX(s) of p mold — a well — the nitride semi- 
conductor light emitting device according to claim 1 or 2 characterized by being the superstructure object of a layer and 
the GaNl-X2AsX two-layer (0 <=X2<X1<0.2) barrier layer of p mold. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a nitride semi-conductor light emitting device. It is related with the nitride 

semi-conductor light emitting device effectively used as semiconductor laser in more detail. 

[0002] 

[Description of the Prior Art] The light emitting diode (LED) using the nitride semi-conductor of a GaN system is already 
produced commercially, and, as for current research of the laser diode (LD) of a GaN system nitride semi-conductor is 
advanced energetically. For example, L217 page of Japanese journal OBU applied physics magazine 35 volumes will have 
the report entitled "the InGaN multiplex quantum well structure laser diode which has a cleavage mirror resonator side" in 
1996. Drawing 14 shows the cross-section structure of the nitride semiconductor laser diode component of the GaN 
system indicated by this. This is the report of the room temperature pulse oscillation in the oscillation wavelength of 
415nm of GaN system nitride semiconductor laser. Since wavelength is short compared with the conventional red LD. GaN 
systenn nitride semiconductor laser attracts the big attention as the light source for pickup of the optical disk unit of the 
next generation which has high recording density. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the operating voltage in the oscillation threshold current value of this 
laser is still very as high as 30V. This is because the contact resistance of a p mold GaN contact layer and p electrode is 
mainly large. Drawing 9 is the sectional view showing typically the band structure of a metal electrode and a p mold GaN 
semi-conductor boundary side. The big shot key barrier is between GaN and a metal electrode. The band gap of GaN is 
large and especially its shot key barrier of a hole is large. Especially in order to attain the room temperature continuous 
oscillation of GaN system nitride semiconductor laser, it is indispensable to reduce the contact resistance by the side of p, 
to realize OMIKKU contact, and to lower the operating voltage of laser. This invention is made in view of the above- 
mentioned problem, and contact resistance is small, and low-battery actuation is possible, and it aims at offering the 
nitride senni-conductor light emitting device which has high-reliability. 
[0004] 

[Means for Solving the Problem] The semi-conductor layer of the part which touches a metal electrode in the light 
emitting device using the nitride semi-conductor of a GaN system according to this invention in order to attain the above- 
mentioned purpose is GaN1-X AsX of p mold or n mold. A layer (0<X<0.2) or InGaNI-X AsX The nitride semi-conductor 
light emitting device characterized by being a layer (0<X<0.2) is offered. 

[0005] Moreover, two or more GaNI-X AsX from which the As presentation X differs [ said semi-conductor layer ] as the 
desirable mode A layer (0<X<0.2) or InGaNI-X AsX The nitride semi-conductor light emitting device characterized by 
combining and constituting the layer (0<X<0.2) so that it may become large as the As presentation X approaches an 
electrode is offered. 

[0006] Moreover, said semi-conductor layer is GaN1-Y PY of p mold or n mold as the desirable mode. A layer (0<Y<0.2) or 
InGaNI-Y PY The nitride semi-conductor light emitting device characterized by being a layer (0<Y<0.2) is offered. 
[0007] Moreover, two or more GaNl-Y PY from which the P presentation Y differs [ said semi-conductor layer ] as the 
desirable mode A layer (0<Y<0.2) or InGaNI-Y PY The nitride semi-conductor light emitting device characterized by 
combining and constituting the layer (0<Y<0.2) so that it may become large as the P presentation Y approaches an 
electrode is offered. 

[0008] Moreover, the nitride semi-conductor light emitting device to which thickness of said semi-conductor layer is 
characterized by being lOOnm or less by Inm or more as the desirable mode is offered. 

[0009] Moreover, the nitride semi-conductor light emitting device characterized by acljoining each layer and coming to 
form an intermetallic-compound epitaxial layer is further offered between said metal electrodes and said semi-conductor 
layers as the desirable mode. 

[0010] Moreover, the nitride semi-conductor light emitting device to which said intermetallic-compound epitaxial layer is 
characterized by being nickelO.5 InO.5 or nicketO.5 0.5 (In1-W TIW) (0<W<1) as the desirable mode is offered. 
[001 1] Moreover, the nitride semi-conductor light emitting device to which thickness of said semi-conductor layer is 
characterized by being 200nm or less by 2nm or more as the desirable mode is offered. 

[0012] furthermore — as the desirable mode — said semi-conductor layer — one layer (0<X1<0.2) of GaNI-XIAsX(s) of 
p mold — a well — the nitride semi-conductor light emitting device characterized by being the superstructure object of a 
layer and the GaN1-X2AsX two-layer (0 <=X2<X1<0.2) barrier layer of p mold is offered. 
[0013] 
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[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained concretely. In this 
invention. GaNI-X AsX (0<X<0.2) of p mold or n mold. InGaNI-X AsX (0<X<0.2X GaNI-Y PY, and (0<Y<0.2) InGaNI-Y PY 
(0<Y<0.2) are used as a semi-conductor layer of the part which touches a metal electrode. The p mold GaN is explained 
below. By putting several% of As into GaN. a band gap can be made smaller than GaN. However, if the As presentation X is 
increased, it is GaN1-X AsX. A layer produces grid mismatching gradually. Drawing 10 is GaN1-XAsX; It is the graph which 
shows the relation between the As presentation X and the amount epsilon of lattice strains. For example, the deformation 
amount of 0.04 layer of GaN0.96As(es) on GaN becomes 3.4%. Drawing 1 1 is GaNI-X AsX. It is the graph which shows the 
As presentation X of a layer, and the relation of a band gap. The band gap of 0.04 layer of this drawing to GaN0.96As(es) is 
2.63eV. and it turns out that only about 0.77eV of band gaps is small from the URUTSU mold GaN. The height of the shot 
key barrier of the hole of a metal electrode and a semi-conductor contact boundary side can be made small by using the 
small ingredient of a band gap for a contact layer so that it may understand from the cross section of the band structure 
of the metal electrode shown in drawing 9 . and a p type semiconductor boundary side. 

[0014] Drawing 1 2 is GaN1-X AsX. It is the graph which shows the As presentation X of a layer, and the relation of critical 
thickness. Since a GaN system ingredient is very hard, the critical thickness of a GaN system ingredient is larger than the 
critical thickness of a GaAs system ingredient. Drawing 1 2 shows that the critical thickness of 0.04 layer of GaN0.96As(es) 
is 16nm, for example. Since the thickness of the 0.04-layer contact layer of GaN0.96As(es) of the example of this 
invention is 15nm, it is below critical thickness. It is necessary to control As presentation and to carry out for obtaining a 
good crystal, at the thickness below critical thickness. For example, Inm - lOOnm is desirable. GaNI-X AsX of this 
invention A contact layer is a good crystal with which a band gap has critical below thickness thickness small, as shown in 
the top. 

[0015] If a band gap is a small and good crystal below critical thickness, more high-concentration p doping can be 
performed. As shown in drawin g 9 , the contact layer of high p doping concentration has the operation which makes small 
width efface of the shot key barrier of the hole of a metal electrode and a semi-conductor contact boundary side. If the 
width efface of the shot key barrier becomes small, the contact resistance of a component will decrease and the 
operating voltage of a component will become small. Therefore, GaNI-X AsX of this invention The nitride semi-conductor 
light emitting device which has a layer contact layer has the description of low resistance and low operating voltage 
actuation compared with a component without it. It is very effective when attaining the room temperature continuous 
action of semiconductor laser, since generation of heat at the time of actuation is suppressed by this. 
[0016] nickelO.5 InO.5 The intermetallic-compound (0<W<1) layer of nickeIO.5 0.5 (Inl-W TIW) etc. has the same high 
electrical conductivity as a metal. nickelO.5 In0,5 The grid mismatching deformation amount with GaN of the usual 
URUTSU mold is nickelO.5 InO.5 which is 2% and has the tensile strain of a thin film on GaN. Epitaxial growth is possible. 
nickelO.5 0.5 (In1-W TIW) Since GaN of a URUTSU mold and the lattice constant within a field can be made in agreement 
by ac{justing the Tl presentation W, the intermetallic-compound layer of a thick film can be formed. GaNl-X AsX of a 
compressive strain a contact layer — a GaN layer and nickeIO.5 InO.5 nickelO.5 0.5 (In1-W TIW) etc. — if it is made the 
structure inserted by the intermetallic-compound epitaxial layer, in order that a distorted contact layer may support from 
both sides by the lattice matching layer — a rearrangement — entering — being hard — critical thickness increases 
twice. Drawing 13 is GaNI-X AsX sandwiched by the lattice matching layer from both sides. It is the graph which shows 
the As presentation X of a layer, and the relation of critical thickness. The curve shown by the dotted line is a critical 
thickness curve when not being inserted fr-om both sides. Above-mentioned GaNI-X AsX GaNI-X AsX with a small band 
gap with the larger As presentation X than a contact layer A contact layer is obtained or it is GaNI-X AsX. It turns out 
that the thickness of a contact layer can be increased twice. For example, by inserting 0.08 layer of GaN0.92As(es) from 
both sides by the lattice matching layer in this way, the critical thickness of 0.08 layer of GaN0.92As(es) increases from 
4.3nm to 19nm. Drawing 1 1 shows that the band gap of 0.08 layer of GaN0.92As(es) is 1.91 7eV. This is equal to the 
magnitude of the band gap of GalnP which carries out lattice matching to a GaAs substrate. 1019cm - three sets of high 
concentration p doping are possible for this GalnP. It means that the band gap of a contact layer had decreased only by 
about 1.5eV by using 0.08 layer of GaN0.92As(es) since the band gap of GaN was 3.4eV. This is a twice [ in 0.04 layer of 
GaN0.96As(es) described previously ] as many decrement as this. 

[0017] After all, as stated in the top, these intermetallic-compound epitaxial layers are used, and it is GaNI-X AsX from 
both sides. By pinching a contact layer, the contact resistance of LD component decreases further and it is effective in 
operating voltage becoming small. The thickness of the intermetallic-compound layer in this case has desirable 5-200nm. 
Moreover, the thickness of the semi-conductor layer at the time of using this intermetallic-compound layer has desirable 
2-200nm. 
[0018] 

[Example] Hereafter, an example explains this invention still more concretely. 

[Example 1] drawing 1 is the sectional view of the GaN system nitride semi-conductor light emitting device (LD) of the 1st 
example of this invention. As shown in drawing 1 , the GaN system LD Ath page silicon on sapphire 101 with a thickness of 
350 micrometers, the GaN buffer layer 102 of 30nm of thickness, the n-GaN layer 103 of 3 micrometers of thickness, the 
n-In0.1 GaO.9 N layer 104 of lOOnm of thickness, n-aluminum0.15Ga0.85N layer 105 of 400nm of thickness. The n-GaN 
layer 106 of lOOnm of thickness, the InGaN/GaN-MQW barrier layer 107, the p-aluminumO.2 GaO.8 N cladding layer 108 of 
20nm of thickness, the p-GaN layer 109 of lOOnm of thickness, the p-aluminum0.15Ga0.85N cladding layer 110 of 400nm 
of thickness. It consists of the p-GaN cladding layer 111 of 500nm of thickness, the p-GaAs0.04N0.96 contact layer 112 of 
15nm of thickness, a p electrode 113. and an n electrode 114. the InGaN-MQW barrier layer 107 — 2.5nm InO.2 GaO.8 N — 
a well — it is the multiplex quantum well (MOW) layer of 20 periods of a layer and a 5nm InO.05GaO.95N barrier layer, p 
dopant used for each class is Mg, and n dopant is Si. The description of this invention is to have the p-GaAs0.04N0.96 
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contact layer 112 of 15nm of thickness. 

[O01 9] The above-mentioned LD is producible using an organic metal gaseous-phase epitaxial (MOVPE) grown method or 
a gas source molecular-beam PITAKISHARU (GSMBE) grown method. The production approach of the above-mentioned 
LD component of the 1st example of this invention by the MOVPE method is described below. The manufacture approach 
described below also in subsequent examples can be used. In V group raw material, they are NH3, AsH3, and III. 
Trimethylindium (TMIn), trimethylgallium (TMGa), and trimethylaluminum (TMAI) are used for a group raw material. In p 
dopant raw material, it is SiH4 to CP2 Mg and n dopant raw material. It uses. 

[O02O] Ath page silicon on sapphire 101 is first introduced into the coil which is a deposition chamber, and it is H2. Carrier 
gas was passed to the coil. After carrying out the temperature up of the substrate to 1150 degrees C and overheating for 
10 minutes in the condition, it lowers to 550 degrees C, and it is NH3. TMGa was Introduced and the GaN buffer layer 102 
of 30nm of thickness was grown up. Then, H2 Substrate temperature is raised to 1000 degrees C, passing carrier gas to a 
coil, and it is NH3. TMGa and SiH4 It introduces and the n-GaN layer 103 of 3 micrometers of thickness is grown up. 
Although there was no less than 14% of grid mismatching in silicon on sapphire and GaN, crystalline good GaN was 
obtained by growing up the GaN buffer layer 102 of low-temperature growth first, and controlling the thickness. Next, TMIn 
was introduced and the n-In0.1 GaO.9 N layer 104 of lOOnm of thickness for cracking prevention was grown up. Thus, 
sequential growth was carried out. The p-GaAs0.04N0.96 contact layer 112 which is the description of this invention is 
NH3. AsH3 TMGa and CP2 Mg were introduced and were grown up. p-doping concentration was made or more [ 5x1 01 8cm 
- ] into three. The crystal of the good quality within critical thickness was obtained by setting layer pressure of the p- 
GaAsO.04NO.96 contact layer 1 12 to 15nm, After growth drove out H atom which performed heat annealing at the 
temperature of 600 degrees 0 for 1 hour, and was incorporated during the crystal, activated Mg, and raised p 
concentration. 

[0021] The temperature fall after growth termination was slowly performed so that silicon on sapphire might not break. 
After taking out a wafer, it etched by having attached the p electrode 1 13 on the p-GaAsO.04NO.96 contact layer 112, the 
n electrode 114 was attached in the n-GaN layer 103, and LD component was obtained. The structure of the body 
containing the barrier layer of the GaN system nitride semiconductor laser diode of the following examples is common, and 
a contact layer only differs from the part of an electrode. Therefore, this invention is applicable to LD of the structure of 
arbitration. 

[0022] [Example 2] drawin g 2 is the sectional view of the GaN system nitride semiconductor laser diode of the 2nd 
example of this invention. As shown in drawing 2 . except that only the parts of the p-GaAsO.O4N0.96 contact layer 112 
differ, it is the same LD structure as the 1st example. That is, the 2nd example is the GaN system nitride semiconductor 
laser diode of the structure which transposed the p-GaAsO.04NO.96 contact layer 112 of 15nm of thickness of the 1st 
example to the step contact layer 204 which consists of the p-GaAsO.01NO.99 contact layer 201 of 20nm of thickness, a 
p-GaAsO.02NO.98 contact layer 202 of 5nm of thickness, and a p-GaAsO.04NO.96 contact layer 203 of lOnm of thickness. 
In the step contact layer 204, the magnitude of the band gap of a contact layer is becoming small gradually according to 
increase of As presentation. Thereby, since the rapid band gap difference of the p-GaN cladding layer 111 and the p- 
GaAs0.04N0.96 contact layer 203 can be eased, resistance of a component can be lowered. 

[0023] [Example 3] drawing 3 is the sectional view of the GaN system nitride semiconductor laser diode of the 3rd 
example of this invention. As shown in drawing 3 , it is LD of the structure which transposed the p-GaAs0.04N0.96 contact 
layer 112 to the p-GaP0.04N0.96 contact layer 301 of 20nm of thickness, and is the GaN system nitride semiconductor 
laser diode of the same structure as the 1st example except it GaPX N1-X It has the property in which a band gap falls 
greatly with the increment in the P presentation X. Moreover, since there are few deformation amounts to GaN than 
GaAs0.04N0.96, GaP0.04NO.96 has the advantage which can take the large thickness of a contact layer. 
[0024] [Example 4] drawing 4 is the sectional view of the GaN system nitride semiconductor laser diode of the 4th 
example of this invention. As shown in drawing 4 , it is the GaN system nitride semiconductor laser diode of the structure 
which transposed the step contact layer 204 of an example 2 to the step contact layer 404 which consists of the p- 
GaP0.O1NO.99 contact layer 401 of 5nm of thickness, a p-GaP0.02N0.98 contact layer 402 of 5nm of thickness, and a p- 
GaP0.04N0.96 contact layer 403 of 12nm of thickness. By the step contact layer 404, since the rapid band gap difference 
of the p-GaN cladding layer 111 and the p-GaP0.04N0.96 contact layer 403 can be eased, resistance of a component can 
be lowered. 

[0025] [Example 5] drawing 5 is the sectional view of the GaN system nitride semiconductor laser diode of the 5th 
example of this invention. As shown in drawing 5 , it is nickeIO.5 InO.5 of 15nm of thickness between the p-GaAs0.04N0.96 
contact layer 501 of 15nm of thickness, and the p electrode 113. It is the GaN system nitride semiconductor laser diode of 
an example 1 and this structure except having structure whose intermetallic-compound layer 502 was pinched. nickelO.5 
InO.5 The intermetallic-compound layer 502 is a tensile strain, since the p-GaAs0.04N0.96 contact layer 501 is a 
compressive strain, by combining these, distorted compensation is carried out, it suits, and the whole deformation amount 
is reduced. The crystal structure of these intermetallic compounds is a CsCI mold, and differs from the sphalerite mold 
crystal structure of III-V compound semiconductors, such as GaAs and InP, or the URUTSU mold crystal structure of 
GaN. However, nickelO.5 InO.5 Lattice constant 3.1 Lattice constant 3.16 within a field of the URUTSU mold GaN Since it 
is almost equal, the epitaxial growth to a GaN top is possible. It carries out on the growth conditions which the p- 
GaAsO.04NO.96 contact layer 501 mentioned above. However, since the crystal growth of the intermetallic-compound thin 
film on GaN is the heteroepitaxial growth of heteroatom structure, different growth conditions from usual are required for 
it. 

[0026] The growth approach of the intermetallic-compound layer on GaN used for below in this example is described. 
Since the front face of a GaN semi-conductor layer is covered by the monoatomic layer of Ga. the amount of the residual 
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V group of a deposition chamber is fully dropped and one atomic layer of nickel which is next the transition metals of an 
intermetallic-compound layer is grown up in case an intermetallic-compound layer is grown up on GaN, it is nickelO.5 InO.5. 
The intermetallic-compound layer was grown up. Growth temperature of an intermetallic-compound layer was performed 
at low temperature. If it is migration enhancing DOEPI taxi (MEE) growth and is about 350 degrees C and MBE growth, it is 
about 450 degrees C. However, in the intermetallic-compound layer of a lattice matching system. MEE growth may be 
carried out on InP at the growth temperature of about 250 degrees C. 

[0027] [Example 6] drawing 6 is the sectional view of the GaN system nitride semiconductor laser diode of the 6th 
example of this invention. As shown in drawing 6 , it is nickeIO.5 InO.5 of an example 5. nickelO.5 0.5 of 50nm of thickness 
which carried out lattice matching of the intermetallic-compound layer 502 to GaN (TlX In1-X) It is the GaN system nitride 
semiconductor laser diode of an example 5 and this structure except having structure replaced in the intermetallic- 
compound layer 602. nickelO.5 0.5 (TlX In1-X) By pinching the p-GaAs0.08N0.92 contact layer 501 in the intermetallic- 
compound layer 602, reduction of a 1,5eV band gap is realizable. nickelO.5 0.5 (TlX Inl-X) Since lattice matching of the 
intermetallic-compound layer 602 is carried out to GaN. it is quality and can form the epitaxial electrode of the 
intermetallic compound of a thick film, 

[0028] [Example 7] drawing 7 is the sectional view of the GaN system nitride semiconductor laser diode of the 7th 
example of this invention. nickelO.5 0.5 of lOnm of thickness which carried out lattice matching to the p-GaAsO.08NO.92 
contact layer 701 of 19nm of thickness, and GaN as shown in drawing 7 (TlX In1-X) The intermetallic-compound layer 702 
and nickelO.5 InO.5 of lOnm of thickness nickelO.5 0.5 of the intermetallic-compound layer 703 and 50nm of thickness 
which carried out lattice matching to GaN (TlX In1-X) It is the GaN system nitride semiconductor laser diode which has 
the contact layer structure which consists of an intermetallic-compound layer 704. nickelO.5 0.5 of lOnm of thickness 
which carried out lattice matching to GaN (TlX In1-X) The intermetallic-compound layer 702 is the p-GaAs0.08N0.92 
contact layer 701 and nickelO.5 InO.5. It is a relaxation layer for improving the abrupt change [ layer / 703 / intermetallic- 
compound ] of interface distortion. 

[0029] [Example 8] drawing 8 is the sectional view of the GaN system nitride semiconductor laser diode of the 8th 
example of this invention, it is shown in drawing 8 — as — p-GaAs of the p-GaAsO.01 N0.99 barrier layer 801 of 5nm of 
thickness, and 3nm of thickness — nickelO.5 0.5 of 50nm of thickness which carried out lattice matching to the 
superlattice contact layer 804 and GaN of five periods of a layer 802 0.92 well 0.08 N (TlX In1-X) It is the GaN system 
nitride semiconductor laser diode which has the contact layer structure which consists of an intermetallic-compound layer 
803, Since a hole can penetrate the superlattice contact layer 804 of 40nm of thickness in a resonance tunnel and can 
reach a metal electrode, contact resistance reduces it. 
[0030] 

[Effect of the Invention] The contact layer in this invention is good p mold GaNI-X AsX which has the band gap of the 
one half of GaN, and has the thickness below critical thickness. It is a crystal. Since the band gap is small, three or more 
[ 5x1 01 8cm - ] high-concentration p doping can be performed. nickelO.5 InO.5 used for this invention nickelO.5 0.5 (In1-X 
TlX) etc. — an intermetallic-compound layer — GaNI-X AsX in order to support on both sides of a distorted contact 
layer in a GaN layer — a rearrangement — entering — being hard — critical thickness increases twice. Therefore, GaNI- 
X AsX with a more small band gap A layer can be used for a contact layer. Consequently, a metal electrode, the width of 
face of the shot key barrier of the hole of a semi-conductor contact boundary side, and height can be reduced by half 
The contact resistance of a nitride semi-conductor light emitting device decreases greatly, and the operating voltage near 
LD component on the usual GaAs substrate is obtained by this. Consequently, since generation of heat at the time of 
actuation is suppressed, the room temperature continuous action of nitride semiconductor laser can be attained. In 
addition to it, the threshold of nitride semiconductor laser, the temperature characteristic, and dependability can be raised 
remarkably. 
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* NOTICES * 

JPO and IMP IT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

rOrawing 11 It is the sectional view of the GaN system nitride semiconductor laser diode of the 1st example of this 
invention, 

[Drawing 2] It is the sectional view of the GaN system nitride semiconductor laser diode of the 2nd example of this 
invention. 

[Drawing 3] It is the sectional view of the GaN system nitride semiconductor laser diode of the 3rd example of this 
invention. 

view of the GaN system nitride semiconductor laser diode of the 4th example of this 

invention. 

[Drawing 5] It is the sectional view of the GaN system nitride semiconductor laser diode of the 5th example of this 
invention. 

[Drawing 6] It is the sectional view of the GaN system nitride semiconductor laser diode of the 6th example of this 
invention. ' 

[Drawing 7 ] It is the sectional view of the GaN system nitride semiconductor laser diode of the 7th example of this 
invention. 

[Drawing 8] It is the sectional view of the GaN system nitride semiconductor laser diode of the 8th example of this 
invention. 

[Drawing 9] It is the sectional view showing typically the band structure of a metal electrode and a p type semiconductor 
boundary side. 

[Drawing 10] GaNI-X AsX It is the graph which shows the relation of the As presentation X and the amount epsilon of 
lattice strains of a layer. 

[Drawing 11] GaN1-X AsX It is the graph which shows the As presentation X of a layer, and the relation of a band gap. 



Drawing 1 2] GaNl-X AsX It is the graph which shows the As presentation X of a layen and the relation of critical 
thickness. 

[Drawing 1 3] GaN1-X AsX inserted from both sides It is the graph which shows the As presentation X of a layer, and the 
relation of critical thickness. 

[Drawing 14] It is the sectional view showing the structure of the nitride semiconductor laser diode component of the 
conventional GaN system. 
[Description of Notations] 

101 Ath Page Silicon on Sapphire 

102 GaN Buffer Layer 

103 N-GaN Layer 

104 N-In0.1 GaO.9 N Layer 

105 N-aluminumO.15GaO.85N Layer 

106 N-GaN Layer 

107 InGaN/GaN-MQW Bamer Layer 

108 P-aluminumO.2 GaO.8 N Cladding Layer 

109 P-GaN Layer 

110 P-aluminumO.15GaO.85N Cladding Layer 

111 P-GaN Cladding Layer 

1 1 2 P-GaAs0.04N0.96 Contact Layer 

1 1 3 P Electrode 

114 N Electrode 

201 P-GaAs0.01 N0.99 Contact Layer 

202 P-GaAs0.02N0.98 Contact Layer 

203 P-GaAs0.04N0.96 Contact Layer 

204 Step Contact Layer 

301 P-GaP0.04N0.96 Contact Layer 

401 P-GaP0.01N0.99 Contact Layer 

402 P-GaP0.02N0.98 Contact Layer 

403 P-GaP0.04N0.96 Contact Layer 

404 Step Contact Layer 
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501 P-GaAsO.04N0.96 Contact Layer 

502 NickeIO.5 InO.5 Intermetallic-Compound Layer 

602 NickelO.5 0.5 (TlX Inl-X) Intermetallic-Compound Layer 

701 P-GaAsO.08NO.92 Contact Layer 

702 NickelO.5 0.5 (TlX Inl-X) Intermetallic-Compound Layer 

703 NickelO.5 InO.5 Intermetallic-Compound Layer 

704 NickelO.5 0.5 (TlX Inl-X) Intermetallic-Compound Layer 

801 P-GaAsO.01NO.99 Barrier Layer 

802 P-GaAsO.08NO.92 Well ~ Layer 

803 NickelO.5 0.5 (TlX Inl-X) Intermetallic-Compound Layer 

804 Superlattice Contact Layer 

901 Conduction Band 

902 Fermi Level 

903 Valence Band 

904 Width of Face of Shot Key Barrier 

905 Height of Shot Key Barrier 

906 Hole 

907 Metal Electrode 

908 P Type Semiconductor Layer 
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^fziinMcO. GaNi.xAsxJl(0<X<6. 2) 
t.fMl nGaNi-x As^ Jl ( 0 <X <0. 2) Th 

m.CO. GaNi-x Asx SS (0 <X<0. 2) tfzlil 
nGaNi-x Asxii(0<X<0. 2) Sr. -?-OAs 

aNi-v Py ® (0 <Y <0. 2) iTtrJil nGaN 
i-v Px B ( 0 <Y <0. 2 ) T-^)l.^tSr#1gfc-r'i. 

[Ii«3l4] filB^f^sii*\ Piffle YOM=5r-|.aiic 
GaNj.y PyS ( 0 <Y <0 . 2 ) i^IrJil nO 

aNi.v Py S ( 0 <Y <0 . 2 ) Ir, ^<7)pe^Y7bi 
[ if «3S 5 ] BU ie^#:/i cr>mmtiK l nmiJLhT- 1 0 

[ if 6 1 mi le^mm® t mil£^*« t<7)mz. 

N i 0. 5 I no. 5 . ttzltN i 0. 5 (I nj-w T 1 w ) 

0.5 { 0 <w <i) x%;hzb^'mLk't ^m^6ii 

0 nmtJlTT^ ^ i: "T SIf ^31 6 4 ^c{± 7 im 

ta*3l9] HUiE^f!isii*i\ pMi7)GaNi-xi As 
xiil(0<Xl<0. 2 ) '>x;^iii: pMOGaNi-xz 
AsxzS ( 0^X2 <X1 < 0. 2 ) >'N'UT®i:<7)^1S 

i^«3tftr-^i> ^ b ^mmb -thm^r^ i 2 leij 

[0001 ] 

^^^l^^-r-S. $'bllPL<{i. ¥^#:l/-if i: LTW 
[00 02] 

[^c^i^i] Ga.N^cr>m^m^i^^m^^tz^yt^ 

-f:t-H (LED) ti, -rT-tM^Mt^tLTioO. m& 
{iGaN^^g-fkifel^^itO^-W-f :^-K (LD) £0 



iy^j-^--X ■ -J^—tJi^ ■ • ry'y-^ V ■ y ^ -J 

>y^X^3 5^C7)L2 1 7^-=JI,Z r^^S^-J^H 
ffiSr^-r-l. I nGaN^fi4^#F«jtl-— (ftJ'MJi-- 

GaN^g-ft:!i%^«Jl^— ft0^iiift:g4 1 5nm 

izaif^miSi^ vvx ^mcr)m^x' h^. g a n ^m^im 

[00033 

m^^. ZtHt±l,zpmGa.Nay:$^^ hmbpVMb<7) 

^mmn.^^± ^^^tzibxhh. II 9 ( ± . ±mmM bpm 

T-^bS. GaNi;^S^i:OraiC(±:*;#^i^3 -y hdf- 
WN'tJTT&^S,!,. Ga.mtJ<y]^^^'yy°-^^±^<. n 

t^piUcOrjyrJ';? hffiSiSriElSL. :t-5>y^?^^M^ 
[0004] 

mm^mm-ttz^c^^m iMnm^m^-thtz 
^m=F^zio^^x. MmMbm-th^^(?^^wm 

i)K pMttzliinm.(D^ GaNi.x Asx M ( 0 <X 
<0. 2 ) tfzlil nGaNi-x Asx « ( 0 <X 

< 0 . 2 ) x'h^ c b ^wmb-t hmim^^ma^^m 

[0005] tfz. ^cois-t L^^mmb LX . 

i^m-iK Asm^X(Dm^hmW(^. GaNi-x Asx 
S ( 0 <X <0. 2 ) ifzltl nGaNi-x Asx M 

(0 <x<o. 2) Sr, ^(^Asm!^xi}mmi,z^< 
izm.'yX:k^<^j:^xo izm^'^h-^txmm.-^tix^^i, 

1 b ii^WLb-rhm^m^t^^ytm^Ftimm^ti^ , 

[0006] ifz. ^cr,^t L\^Mnb LT . Bufe^ 
pmitzlinm<0. GaNi-y Py Jl ( 0 <Y 
<0. 2 ) tfzltl nGaNi-y Py « ( 0 <Y <0. 

2 ) X'hh ^ b $r#^Si;-r-l>M«^#:^3tm^;&*iS 

[0007] tfz. ^(Ont L^mmb LX , 
i>^mi)\ Pffl^YcOS=2r|.1i^tD, GaNi.y Py M 
( 0 <Y < 0. 2 ) tfziti nGaNj.y Py il ( 0 
<Y <0. 2) ^cr)Pm^Y^^WmiZjS:'^<izm'o 
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[0008] ttz. ^coiS-t L^mmt LT. HulE^ 
t^m cr>mmt^ . l mi:j±T l O O nmJiiT T'S) d i: Sr # 

[0009] tfz. ^(Titfi L^mmt LT. ma^m 

[0010] tti. ^cr,nt L\^Mmk LX. mTfE^S 
{iNio.5 ( I ni.„ T 1« ) 0.5 (0<W<l)T-$> 

[0011] S7t. ^cont L\^Mmt tX. BuiE¥^ 
i^m(7)m!it^ . 2nmJiJLbT-2 0 Onml.:JlTT-$>'i) Zti^ 

[0 0 12] $^>tw. -eoifS LV)^^fc LT. Buie^ 
mf^mtiK pMOGaNi-xi Asxi« ( 0 <X1 <0. 

2) "yx-fi^mtpmcoGaNi-j^iAsum (0^x2 

<X1 <0. 2) ^N'yTJii:Oti?&?Mjti2^T'S)-i..lt 
[0 0 13] 

-i^co^m^m b LX . pMiytrtinMWGaNi-x As 
X (0 <X<0. 2) , InGaNj-x Asx (0 <X 

<0 . 2 ) , GaNi-v Py ( 0 <Y < 0 . 2 ) iJiV 
InGaNi-yPy ( 0 < Y < 0 . 2 ) *^'fflV^A>ix-2,. 

OTpSGaNi:oV^TiiBa-r-S. GaN(CiS:%iOAs 

Aix-i. C: i: T\ ^n'^ K=3r> y r 2: G a N J: O < 
■I. i t I. . b*»b=SrA^''bAsiafiKXSrii-^-ri:G 

aNi-x Asx SJi^^^ictS^^FK^Sr^t-S, HlO 
ti. GaNi_xAsx OA sffl^Xht&^MSe hCDM 
i^^Tjk-ti^'yyX'h^, ^Ji.{f. GaN±c7)GaNo.96 
Aso.o4S<^MS{i3. 4%lC'Sr€.. HI 1{±. GaN 
i-x Asx mcOAsmi^Xb^<yV^-r'yy°cr>m^t:^ 

•tyyyXh^. >IOll*»^GaNo.96Aso.o4Jl«^>''^' 
> H^A' -y 7°{i2 . 6 3eVT?> 0 . *1;0 . 7 7e\f3f^ 
;k-y a G a N J: 0 ^> K >y r < =5: T V i 
i: <, 119 pM^f^s^^B^O 

/Jn§ V ay^'^' hmizm^^?> Z b X^mmM b 4^- 

-m^^'h^<^hZbifX'%h. 
[0 0 14] HI 2(4. GaNj-x Asx JfOAsffl^ 

'^b^^m■WM■<^m'^'k^•ty'yyX'hh. GaN^W^ 

{4^N® tcSV-iiOT'. G a N^lvf^ifOES^rMJlJiG a A s 

mm<mMWM-)^'^±%\^, m 2*-^>. ^j;t{fGa 

No.96Aso.o4'i Ol^^rM/Pti 1 6 nmT" ^ h 



!>. 2|s:^BJO|||iS<?lJiOGaNo.96Aso.o4l^>':J':J' h 

ii<7)«»{4i 5niD^c7)f\ ^^wmxvx'hh . wmc 

-T'&'iJil*^'*)-!.. ^Ji.(f lnnr-1 0 Onin*i^t LV>. * 
I^HgcOGaNi-x Asx aV:?^ biii4. ±T'S^L^ci 

d i.zj'sv H^A- -y < *--PESI^MJSJ':iTS/S^^r 

[ 0 0 1 5 ] -y :7°*vJn$ < j&^otSl^ll/SJilT 

i: ^ . H 9 ic^-r J: d . a p K - 
-g. . 3 -y V df-^ U TOi|©*Mn ^<^j:hb «^ Og^M 

HJiOGaNi-x Asx ^ hMtr^'thm.im^ 

[0016]Nio.5 Ino. 5 ( I ni-H T 

1 H ) 0. 5 ( 0 <w < 1 ) t£b(r)-^mWi\t-^^m\i±m. 
w^(r>'^ )vvm<^G a N om^'^-^mMi 2 

•9. GaN±tC^McO?l3SS^^r-r-I.N io.5 Ino.5 

i.„ Ti„ )o.5 iiT i^wsrias-r -l.it -O/u-y 

McOG a N bmn<rm'^'^%:—^-^^h Z.bifiX'% h 

cr>xwmr>Mm\L-^^mM^X% h . a 

Nj.x Asx 3>':J'^ hJfSrGaNSfcN i 0.5 In 
0. 6 i 0. 5 ( I ni-„ T 1 « ) 0. 5 ^t'O^KS-ft; 

firjE^^A 0 < < =5: 0 , IS§-W-J1»(4 2 fg tiM^f , H 1 

3(±1§^S-^iifcioTWffl!l*^4.6^i^X7tGaNi.x A 
sx JlOA sffifiScXfcBg^MfforafISr^-r:?'^7f i> 

E^M/Sftiat-fc I. . WOGaNj.x Asx 3>'^:7 
J; 0 A sSB!tX*i::^# <>'N'y Y^-<r >yr*vh$v^G 
aNi-x Asx nyrJ'^ hJi35<#A>ix.i>*\ J).|.V^{4G 
aNi-x Asx rjy^'i? hS^0iI$2r2fStciM::^f #1. 

ii:*iio*--i., mu-s.:L<r>i.'i^zi^m.-^m^z^'^xm 

{lA^^GaNo.92Aso. osil^rfe^t^-I J; oT. Ga 
No. 92 A So. 08®^^I^Mff{i4 . 3niii:«^/i> 1 9nmC:ii 
■X-th. mwt^i^. GaNo.92Aso.o8SOVs'>'Hdr' 
^ >y r{4 1 . 9 17 eVT fc I. i i: *^':b*^l> . dilid G a 
A s ^KttS^B-^-^ I. G a I n P «0>'^>' H ^> -y rcO 
;^#$tC^LV>. >I(7)Ga I nPtdl Oi9ciii-3^c7)i5jg 
jSp h'-t°y:J'>'^«gT:'$>.5. , G a NO^'N'y -y r 
{43. 4eV-Cj).g./&»'^. GaNo.gzAso.jgJl^rfflV*-!. 
:LbX'm\. 5 eVfc (t 3 > ^J' ^7 h J10>' <.y K -y 7**^' 
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0.04 mco^<r) 2 ^<r>mfmx'h -s. . 

[ 0 0 1 7 ] iX-m^tzk r> t;. ^tihcr>±m^ 

^. C<7):®-^c7)^S^>fti-^?^S<7)®JI{±. 5 — 20 On 
[00 18] 

f,zm^^-th , 

[^Sfi^Jl ] 111(4, *:^BJ(7)^ 1 (7)^Jte^JOG a 

^tOaN^LDJi, $ 3 5 0 // mc7)A®-9-7 
T-<TS^1 0 1 , MWS OniniOGaN>'N'-y7r/i 1 0 

2. ;iJP3x«inOn-GaN;il 0 3, SiPlOOnmcT) 
n — I no. 1 Gao.9 Nill 04, MW-A 0 0ninc7)n- 
A 1 0. isGao.ssN® 1 0 5 . MWl 0 OnmOn-Ga 
NJil06, I nGaN/GaN-MQWvittJil 0 

7, ;11?2 OnmOp-A 1 0. 2 Ga^.g N^'^-yHJll 
0 8. Jl/51 OOninOp-GaNJil 0 9, MW-A 0 0 

nmCOp-A 1 o.isGao.ssN^'^'y Hill 10, /iU5 

0 Oniii<7)p-GaN;7^-y Fill 1 1 . MWl 3nm(r)p 

-GaAso. 04No.963>'^:J' hill 1 2, vmMl I 

3, n^l 1 4:i)*'b^rS. I n G a N -MQWvgttil 
10 7{42. 5nmCOIno.2 Gao.g N-^x/Pili: 5nin 
CO I no. o5Gao.95NVN'yrii0 2 0Jl^cO^«i^# 

F (MQW) mX'ht. #Jitcfflv^/i>n.i.P h'-^tyh 

iPl 5nm(7)p-GaAso.o4No. 963>':J'::^h'il 1 2 

[0019] ±ie<7)LD!4W«^JS^fflXf^'^i^A';U 
(MOVPE) ^:S&^;{r;^y-X:«-^^t°:5'dr^-^;l^ 

(GSMBE) ^:5feSrfflV»Tf^-r'#S. lilTtCMO 
V P E j; 3tr^Bjc7)|| i £7)^fi?iJ(7)±ie L D %^<7) 

3 , AsHs . Ill hU^^;M>'i^''^A 
(TM I n) , F 'J-^A (TMGa) , h 'J 

;'<^;l/r7P5::i'>A (TMA 1 ) Srfflv-*!,. p K— ys'y 
bMPtCJSCPz Mg, n K-^N°ybiIi^W4S i H4 

[0020] t-fAffi-t^ r -f 101 STf^^ST 

3^-S.SlSSW(:«AL, H2 ^-T'JT:ffX-^K^'mt^z^\.L 
tz. ^co^xmUi 115 0-Ctc#S§-ti:, 1 O^S 
iaS!lt5tCO*>5 5 O^CtcTtfT, NH3 tTMGaS:^ 
ALTJ1J13 0nniOGaNy<>y:7TSl 0 2 Srfi!c:K$-1i- 
Jt. -eof^, H2 ^A''JT75'XSrKJol=tC»SL/i4iS 
^iSJgSr 1 0 0 O'CtCifft NH3 tTMGafcSiH 



tALTiill3x£mc0n-GaN® 1 0 3 SrB£;^$ 

^yr-^T^tGa.n\,z\±\A%i>(DWf-ym. 



4 5ri 

^t^hhtiK m^L^^COG a N.'N' >y 7 1 0 2 ^ai3J 

V>GaN:*itf^>fL/^, <J«:lCTM I nSr^AL^^-y^V 
y^±<r>tzisbcr>mWlOOm.cr>n-\ vi.Q,i Gao.g N 
Jil 04 5r^;R§ii:fc. a t tT)ii<^^:R$i*- 

fz . *:^Bfl«OltS-r-35 l>p-GaAso.o4No.96r7^:^' 
^h®112{4NH3 iiAsHs iiTMGafcCPz M 
gSr^ALT^:^^-*;^^, P - H - tf >i?-igjg{4 5 x i 



OiScm-sJiUii: L/^. p-GaAs 



0. 04 Nq. 96 



h « 1 1 2 c7)jiE2r 15nini:-ri.C:i: X'^^rWS.W^cr, 

SrifiV^tiiL, MgSrvS14^L$-frPJII^^|tfI±$-fr/::. 
[002 1 ] ^^T^(nm^{i^y r TmR.t>mtL 

-GaAso. o4No.96=?>':^^^Sl 1 2±l:p^;^l 
1 32:#ft, x-yf-yi/Sr^fV^n-GaNJil 0 3tn 
miSl 1 4^K'9#(tTLDS^^ft/c. OTO^SSfi^J 
COG a N^g-fb!t«5^#: L D OSttS ^-g-0*f4cc7):^Jt 

[0022] [^S£«?<J2 3 I12{4, :¥^mc^W.2(r>mm 



p-GaAso. 04N0. V^'^' ha 1 1 

2 cogp^y-co ;^7!?JS^r S IjAi'Kim 1 co^M<?iJ t in b L D ^ 

^g-c*^ . fiii*> , ^ 2 ^«4, m 1 mtm(7^mm 1 5 

nmiOp-GaAso.o4No.96=^>':^'^ ^S1 1 2^mW- 
2 0nm<?:)p-GaAso.oiNo.99 3^^':^'hS2 0 1, 

jiJi:5nmcOp-GaAso.o2No.98='>^^ he2 0 
2, ilffl Oniii<7)p-GaAso. 04 No. gs^'^':^':^' hW 
2 0 3*»^>^SX7^>y7°3>-:J';? bil2 0 4Ca#^ji 
7t:mji£7)GaN^M-(btl^f*:LDT'S)S. X^ yy'zi 
>':5'^' hS 2 0 4-eJia ^W^O>'^'>'^'^-v yTO 
# $ A s a^C0ii±tC i: o T ^ ^ Ic/Jn $ < ^ -:> T V ^ 
So ClixCJ; 0, p-GaN^'7>yK®l 1 Itp-G 
aAso.o4No. 96=?^^i5' h«2 0 3 i:c73,li^:5ryN'>' K 
^> -y 7°ll$:i^fnT'# -IxJOt-S^ coMfiiSrTff I. i: 

[0023] [^M«aj3 ] 123(4, :^^B^<7:>m3£r>mm 

^jio G a N ^M-f L D £7) mmmx'h ^. msiz 

Tjk-tXolZ^ p-GaAso.o4No.9s3>':?':?' hill 1 
2^mW-2 Onm£7)p-GaPo.o4No.96=7>-^'^' VMS 

0 1 i^i. tzm^cr> L D ffc 0 , -?-iu:Jii'Mim i o 
mm t m t ^ato g a n M-it^^w i^Dxhh. 

GaPx Ni.x iPffl^XcOiiJPtitfcl^/NVh'^'-ryr 
0. 96 (4G a A s 0. 04 No. 96 J: 0 G a N{cm--I.M»*^ii'- 
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[ mmm 4 ] n 4 « . ^^Bj^m 4 

nMM2cr)X7--yTay^^ hS2 0 4 
5m<7)p -GaPo. oi Nq. 99 3 hii4 0 

5nmC0p - GaPo. 02 Nq. 98 ^ >':^ ^S4 0 



[0024] 
01Jc7)GaNI^ 

1 



[0025] 
fi?tJ<50GaN^ 

5^i"J; die. 



2 tmS-1 2niii(7)p-GaPo. 04 No. 96 ^ >':^ ^ M4 
0 3*^^>^|.Xx-y7°3>'^'^hjl4 0 4iCffl§Mi.7t 
^atiOGaN^^g-ftifel^^^LDT-S)!.. XT^-y^ny 
rJ'^ hii4 0 4tCj: p -GaN^' 7 y Hi! 1 1 1 i: 
P - G a Po. 0 4 No. 96 3 ^ 4 0 3 i: cJDli^^^N' 

t\mh^^i^x>(mmmx-hh . use 

f 1 5nm<7)p — GaAso. o4No.96^^ 
hJiS 0 1 i: p^® 1 1 3i7)^t;«J¥l SnmON i 
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